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YieldAbstract Wheat (Triticum aestivum L.) is one of the most important cereal crops grown in the
world. Drought is a worldwide problem, constraining global crop production seriously and recent
global climate change has made this situation more serious. Two experiments (pots and ﬁeld) were
performed to investigate the effect of foliar spray with some biostimulants (amino acids 1.5 and
3 ml/L or yeast 3 and 6 g/L) to reduce hazards of drought stress (irrigation after the depletion of
65% and 80% of available soil water) on bread wheat (Sakha 94 cv.). The obtained results revealed
that all studied characters of growth, relative water content (RWC), photosynthetic pigments, total
soluble sugars (TSS), total carbohydrates (TC), total free amino acids (TAA), enzymes activities,
minerals (NPK% and uptakes), yield and its attributes and grain quality were negatively affected
by lower water supplies, meanwhile a signiﬁcant increase was obtained in leaf water deﬁcit
(LWD), osmotic potential (OP), total phenols (TP) and proline content. The maximum decrease
was recorded under high level of water stress (W2) compared to optimum level of water supply
(W0). Application of amino acids and yeast extract signiﬁcantly increased all measurement studied
with exception of leaf water deﬁcit, osmotic potential and proline content characters in favor of
yeast application at a rate of 6 g/L compared to untreated plants in the two seasons. The interaction
between the tested water stress and biostimulants was found to be signiﬁcant for most characters of
physiological traits and yield and its components. Also it was noticed that application of yeast
(6 g/L) under normal water supply gave the best results of all studied characters. Also, it could
be recommended that application of natural substances led to overcome the deleterious effect of
drought and consequently resulted in improved the productivity of wheat and its grain quality.
ª 2014 Production and hosting by Elsevier B.V. on behalf of Faculty of Agriculture, Ain Shams
University.Open access under CC BY-NC-ND license.Introduction
Wheat (Triticum aestivum L.) is one of the most important
cereal crops grown in the world which plays a key role in the
134 S.A.R. Hammad, O.A.M. Alieconomic activity. It is used as a stable food grain for urban
and rural societies and as a major source of straw for animal
feeding. In Egypt, the cultivated area was around 3 million fed-
dan yearly. Increasing the cultivated area of wheat should be
done in the reclaimed land due to the limited areas of the Nile
Valley and the competition of the main crops. Therefore,
improving both quantitative and qualitative characteristics of
wheat was still the aim of many investigators. Water stress
(drought) is the most important factor that affecting the pro-
ductivity of wheat. Exposing plants to water stress adversely
affect plant growth and productivity (Namich, 2007). Drought
is a worldwide problem, constraining global crop production
seriously and recent global climate change has made this situ-
ation more serious. Wheat should be irrigated when 50–55%
of the available soil water is depleted in the root zone
(Doorenbos and Pruitt, 1992; Mahmood and Ahmad, 2005).
Water deﬁciency is generally considered as one of the limiting
factors for crop productivity which affects physiological and
biochemical processes in plants (Osborne et al., 2002). Egypt
presents a typical example of the drought problem faced in
some arid districts. There is a critical need to balance water
availability, water requirements and water consumption. Thus,
water conserving is becoming a decisive consideration for agri-
culture. Exploiting and increasing production in these areas
are necessary to bridge the gap between production and con-
sumption of wheat.
The application of biostimulants, i.e. amino acids and yeast
extract was found to extent positive effect of plant growth
which overcomes the harmful effect of some environmental
stress such as drought. The importance of amino acids came
from their widely use for the biosynthesis of a large variety
of nonproteinic nitrogenous materials, i.e. pigments, vitamins,
coenzymes, purine and pyrimidine bases. Studies have proved
that amino acids can directly or indirectly inﬂuence the physi-
ological activities in plant growth and yield (Mohamed, 2006).
Yeast extract is a natural source of many growth substances
(thiamine, riboﬂavin, niacin, pyridoxine and vitamins B1, B2,
B3 and B12), cytokinins and many of the nutrient elements
as well as organic compounds i.e., protein, carbohydrates,
nucleic acid and lipids (Barnett et al., 1990; Nagodawithana,
1991). The positive effect of yeast extract in alleviation the del-
eterious effect of drought stress was observed by Hammad
(2008). In this connection, Mohamed (2005) found that active
dry yeast as foliar application had a beneﬁcial effect on
growth, yield and chemical constituents of plants. Therefore,
the aim of this study was suggested the possibility of using
some natural substances (amino acids or yeast extract) to
reduce the harmful effect of water stress with studying the
physiological mechanism or changes under these situation,
photosynthetic pigments, water relations, chemical constitu-
ents, yield and its quality of wheat.
Materials and methods
Experimental site
Two experiments (pots and ﬁeld) were carried out during the
two winter seasons of 2010/2011 and 2011/2012 at the Exper-
imental Farm, Faculty of Agriculture, Minuﬁya University, in
Shebin El-Kom, Egypt, to investigate the performance of
spring wheat cultivar Sakha 94 in relation to foliar spray withsome natural substances (amino acids ‘‘commercial name
Delfan’’ and yeast extract) under drought conditions. Wheat
cultivar was identiﬁed and obtained from Wheat Researches
Institute, Agriculture Researches Center, Egypt.
Treatments
The experiments included 15 treatments which were all possible
combinations of water stress and natural substances applica-
tion. The plants under study were irrigation after depletion of
50% (W0), 65% (W1) and 80% (W2) of available soil water.
These treatments reﬂecting conditions achieved as optimum
level of water supply, moderate and severe water stress, respec-
tively. The water stress treatments were applied after ﬁrst irriga-
tion until plant maturity. For the natural biostimulants, the
plants were treated with delfan at 1.5 ml/L (D1), 3 ml/L (D2)
and yeast extract at 3 g/L (Y1), 6 g/L (Y2) as well as untreated
plants were taken as control. The treatments were sprayed three
times, and the ﬁrst one was 25 days after sowing and repeated
each 15 days. Tween 20 was added to spraying solution at
0.5% as a surfactant. All cultural practices, other than treat-
ment variables, were performed as recommended for the area.
Amino acids
Spanish compound known as Delfan 10% L-a-free amino acids
was used as simulative compound source for amino acids mix-
ture. Delfan is a brown liquid with pH of 5–5.5 and containing
amino acids mixture as follows (mg/100 ml): Aspartic (2.3),
Glycine (4.6), Threonine (1.2), Tyrosine (0.9), Glutamic (4.2),
Histidine (0.3), Alanine (2.5), Cystine (0.2), Valine (1.8),
Methionine (0.2), Isoleucine (1.1), Leucine (2.1), Phenylalanine
(1.1), Hydroxyproline (2.7), Serine (2.8), Arginine (2.6), Pro-
line (2.8) and Lysine (1.1). Also, contains amino nitrogen
(1.4%) and organic matter (18.4%). Delfan is produced by
Trade Corporation International Company Madrid and
imported by TECNOGREEN Co., Egypt.
Yeast extract
The dry pure yeast powder was activated by using sources of
carbon and nitrogen at a rate of 6:1 (Barnett et al., 1990) to
obtain higher reactive yeast cells (1200 yeast cell/1 ml yeast
extract). Then the media were frozen and thawed directly
before usage.
Soil analysis
Soil samples of experimental site were randomly collected from
depths of 0 to 30 cm and 30 to 60 cm using an auger before
sowing to analyze for the determination of some physical
and chemical properties of the soil according to Jackson
(1973), Chapman and Pratt (1978) and Klute (1986) as shown
in Tables 1a and 1b.
Pots experiments
Wheat grains were sowing on 15th November in the two
seasons at a rate of 10 grains per pot. Pot was 25 cm inner
diameter and 30 cm depth, and each holding 6 kg air-dry clay
Table 1a Physical and chemical properties of the experimental soil.
Properties Particle size distribution (%) Texture class pH E.C. ds/m O.M. % Available (ppm)
Seasons Sand Silt Clay N P K
2010/2011 20.58 40.42 39.00 Clay loam 7.6 0.42 1.90 30.2 8.4 285.2
2011/2012 21.30 41.32 37.38 Clay loam 7.5 0.44 1.80 31.5 8.6 290.1
Table 1b Physical properties of the experimental soil in different depths.
Properties Field capacity (%) Permanent wilting point (%) Available soil water (%) Bulk density (g/cm3)
Soil depth (cm)
0–30 39.2 19.9 19.3 1.25
30–45 38.4 19.6 18.8 1.32
45–60 36.8 18.6 18.2 1.36
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iment site. One week after sowing, the seedlings were thinned
to 5 per pot. To obtain the recommended doses of fertilization
in ﬁeld, 0.6 g calcium super phosphate (15.5% P2O5)/pot was
added before sowing. Ammonium nitrate (33.5% N) and
potassium sulfate (48% K2O) were also added in two equal
doses at ﬁrst and third irrigation at rates of 1.34 g and
0.3 g/pot, respectively. Soil moisture levels were monitored
for each treatment throughout the growing seasons by tensi-
ometer or weighing soil samples before and after placing in
an electric oven. When reaching the level of drought treatment
the required amount of water was added to each pot to
maintain the respective moisture. The experimental design
was factorial and the pots were arranged in a randomized
complete blocks with four replicates.Measurements
After 96 days from sowing, ten plants were randomly selected
from each treatment and the following data were recorded.
– Growth characters
Plant height, No. of tillers/plant, No. of leaves/plant,
shoots dry weight/plant, roots dry weight/plant, leaf area/plant
and ﬂag leaf area.
– Water relations
Relative water content (RWC%), leaf water deﬁcit
(LWD%), osmotic pressure of cell sap using the method of
Kreeb (1990). To indicate the extent of membrane damage in
leaf tissues (membrane integrity) subjected to drought condi-
tion, measurements on leakage of solutes were determined fol-
lowing the method of Leopold et al. (1981).
– Physio-chemical constituents
(a) Enzymes activities (peroxidase and phenoloxidase) were
measured using the methods described by Fehrman and
Dimond (1967) and Broesh (1954), respectively.
(b) Photosynthetic pigments were determined according to
Wettstein (1957).(c) Total soluble sugars and total carbohydrates, total phe-
nols and total free amino acids in dry shoots were mea-
sured according to the methods described by Dubois
et al. (1956), Snell and Snell (1953) and Rosen (1957),
respectively.
(d) Free proline in fresh leaves was measured using the
method described by Bates et al. (1973).
(e) Mineral concentrations were measured in dried shoots.
Nitrogen was determined using the micro Kjeldahl
method as described by AACC (2000), phosphorus
was determined by spectrophotometer method as
described by Snell and Snell (1954), potassium was
estimated using ﬂamephotometer method described by
Chapman and Pratt (1978), then both their concentra-
tions (%) and uptake (mg/plant) were calculated.
Field experiments
The experimental ﬁeld was ploughed, harrowed and leveled.
Sowing date was 15th November in the two seasons. Grains
at a rate of 60 kg/fed were hand drilled in rows 15 cm apart
in plots 3.5 m length and 3 m width with total area 10.5 m2,
grains covered by thin layer of soil after drilled. Calcium super
phosphate (15.5% P2O5) was applied during soil preparation
at the rate of 15.5 kg P2O5/fed. Nitrogen fertilization was
applied at a rate of 75 kg N/fed in the form of ammonium
nitrate (33.5% N) in two equal doses at ﬁrst irrigation and sec-
ond irrigation. Potassium fertilization was applied at a rate of
50 kg/fed in the form of potassium sulfate 48% K2O with
nitrogen fertilization. To monitor soil moisture status, tensi-
ometer was located at various depths in the soil proﬁle near
the effective ﬁbrous root zone to check subsoil moisture. Soil
water content was measured with the tensiometer every 2 days
until the targeted soil water depletion was attained to deter-
mine when irrigation is required again. The experimental
design was randomized complete blocks and the treatments
were arranged in a form of split plot with three replications.
The water stress levels were arranged at random in the main
plots, whereas the biostimulants were assigned at random in
the sub-plots. There was a 2.0 m empty buffer area between
all main plots and also irrigation canal in order to eliminate
any effect from plot to another and from the canal to plots.
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– Yield and its attributes
At harvest, thirty spikes were taken randomly from the ﬁfth
inner row in each plot to estimate the following characters: No.
of grains/spike, grains weight/spike (g), 1000 grains weight (g).
Number of spikes/m2, grain yield/fed, straw yield/fed and
biological yield/fed were estimated from square meter from
the inner rows per each plot.
– Grain quality
Protein percentage in the dry grains was calculated by mul-
tiplying N% by the factor of 5.70 which determined by using
the micro Kjeldahl method as described by AACC (2000).
Total carbohydrate percentage in the dry grains was esti-
mated using the method described by Dubois et al. (1956).
Total ﬁbers in dry grains were determined using the method
described by Sadasivam and Manickam (1992).
Statistical analysis
All measurements data during the two seasons in this study
were analyzed according to the methods described by
Snedecor and Cochran (1980). The differences among the
means of different treatments were tested using the Least
Signiﬁcant Differences (LSD) at probability 5%. Statistical
analysis was done using the CoStat package program, version
6.311 (cohort software, USA).
Results and discussion
Growth characters
The effect of water stress and natural substances (amino acids
or yeast extract) individually or in interaction on growth char-
acters is recorded in Table 2. It is clear that all growth charac-
ters represented as plant height, number of tillers/plant,
number of leaves/plant, shoots dry weight/plant, roots dry
weight/plant, leaf area/plant and ﬂag Leaf area were negatively
affected by lower water supply treatments as compared with
normal water supply treatment (control plants) in both seasons.
Water stress could restrict internode elongation and leaf expan-
sion through inhibiting cell expansion (Namich, 2007). Also,
drought causes losses in tissue water content which reduce tur-
gor pressure in cell, thereby inhibiting enlargement and division
of cell causing of reduce of plant growth and dry mass accumu-
lation (Delﬁne et al., 2002). These results are in agreement with
those obtained byMujtaba et al. (2007), Maria et al. (2008) and
Mahamed et al. (2011) in wheat.
It is obvious from the same table that foliar spraying of
simulative biostimulants (amino acids or yeast extract) signiﬁ-
cantly increased all growth characters of wheat plant com-
pared to untreated plants in both seasons. Yeast extract was
suggested to participate in a beneﬁcial role during vegetative
and reproductive growths through improving ﬂower formation
and their set in some plants due to its high auxin and cytoki-
nins content and enhancement carbohydrates accumulation
(Barnett et al., 1990) and/or the fact that this substanceenhanced cell division and nutritional status resulting in
increasing number of leaves and dry weight of leaves, stems
and roots. Application of delfan was improved growth which
may be due to their role in raising cell division and enlarge-
ment and forming more tissues and organs. The beneﬁcial
effect of amino acids or yeast on crop growth characters was
also reported by Mohamed (2006) and Zaki et al. (2007).
The differences in the interaction recorded signiﬁcant values
for all growth characters in both seasons. The average values
indicate that the biostimulant treatments signiﬁcantly
increased the most growth measurements of wheat plants
grown under drought conditions. In this respect, application
of yeast extract at higher level (Y2) under normal water supply
(W0) gave the maximum increases as compared with other
treatments. Moreover, spraying wheat plants grown under
any water stress conditions with amino acids or yeast resulted
in a signiﬁcant increase in all growth characters if compared
with its control. The positive effect of yeast extract may be
due to the fact that it is a natural source of cytokinins, vita-
mins and most essential elements (Nagodawithana, 1991),
which improved wheat vegetative growth and overcome the
inhibitory effect of moisture stress. The obtained results are
in agreement with those achieved by El-Garhy (2002) on faba
bean, Al-Thabet (2006) on wheat and Hammad (2008) on pea.
Water relations
In both seasons, results in Table 3 indicate that water stress
levels signiﬁcantly affected on relative water content (RWC),
leaf water deﬁcit (LWD), osmotic pressure (OP) and mem-
brane integrity (MI), there was a gradual reduction in RWC,
and meanwhile there was a gradual increase in OP and MI
in leaves of wheat plants as compared with control plants.
The maximum reduction in RWC reached about 15.15 but
LWD, OP and MI were increased under the severe water stress
(depletion 80% of available water) compared to control
(depletion 50% of available water). RWC has been reported
as an important indicator of water stress in leaves which is
directly related to soil water content. This indicated grater
resistance to water ﬂow at the soil-root interface or decreased
hydraulic conductivity of soil at low soil moisture. In addition,
Ranney et al. (1991) proved that with osmotic adjustment
mechanism, there is lowering osmotic potential of the cells
and hence participates in maintaining of full turger of tissue
under water stress conductions. Osmotic adjustment is an
active accumulation of solutes within the plant in response
to decrease in soil water potential, thus reducing the harmful
effects of water deﬁcit. Under stressed conditions cell mem-
branes are subject to changes often associated with the increase
in the cell permeability (Blokhina et al., 2003; Iqbal, 2009).
These results are in line with those obtained by Mujtaba
et al. (2007), Maria et al. (2008), Zhang et al. (2009) and
Waraich and Ahmad (2010) on wheat and Hammad (2008)
on pea.
Concerning the effect of spraying wheat plants with amino
acids or yeast extract, data in Table 3 showed clearly signiﬁ-
cant increments in RWC compared to untreated plants. Pre-
sented result showed that application of these natural
extracts enhancement OP and MI compared to control plants
which had the highest OP and solute leakage from leaf in both
seasons. In general yeast extract especially at the highest rate
Table 2 Growth characters of wheat plants as affected by water stress, foliar application of delfan or yeast and their interaction during 2010/2011 (S1) and 2011/2012 (S2) seasons.
Water stress Biostimulants Plant height (cm) No. of leaves/plant No. of tillers/plant Shoots dry weight/plant (g) Roots dry weight/plant (g) Leaf area/plant (cm2) Flag Leaf area (cm2)
S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2
W0 70.20 62.10 16.53 13.60 3.13 2.93 3.17 3.14 0.70 0.56 206.12 182.20 36.59 24.30
W1 55.67 53.67 13.33 10.80 2.73 2.67 2.62 2.52 0.63 0.52 170.54 161.43 28.91 21.05
W2 48.20 45.03 10.93 9.27 1.53 1.67 1.83 1.71 0.50 0.40 141.74 120.98 23.94 17.18
Control 51.78 50.67 12.00 9.56 1.89 1.89 1.85 1.93 0.47 0.37 145.13 127.08 23.81 17.38
D1 55.22 51.72 13.11 10.56 2.11 2.22 2.21 2.13 0.58 0.44 157.50 140.37 27.46 18.81
D2 58.78 53.44 14.11 11.44 2.44 2.44 2.50 2.45 0.67 0.49 169.87 152.03 30.95 20.11
Y1 60.11 54.67 14.11 12.11 2.67 2.56 2.71 2.62 0.63 0.54 187.87 172.13 31.88 21.90
Y2 64.22 57.50 14.67 12.44 3.22 3.00 3.43 3.15 0.72 0.62 204.17 182.73 34.96 25.92
W0 Control 65.00 57.50 14.00 11.33 2.67 2.33 2.51 2.46 0.59 0.48 166.50 148.30 29.80 20.06
D1 69.00 59.50 16.33 12.67 2.67 2.67 2.62 2.80 0.63 0.52 183.50 170.10 33.63 21.70
D2 70.33 62.67 17.00 13.67 3.00 3.00 3.02 3.30 0.75 0.55 201.10 180.00 41.81 24.00
Y1 71.67 64.33 17.33 15.00 3.33 3.00 3.55 3.44 0.72 0.60 231.00 197.20 36.50 25.39
Y2 75.00 66.50 18.00 15.33 4.00 3.67 4.16 3.70 0.82 0.66 248.50 215.40 41.21 30.33
W1 Control 50.66 51.50 12.33 9.33 2.00 2.00 1.92 2.00 0.45 0.39 143.30 126.77 23.11 17.30
D1 52.33 52.33 13.00 10.00 2.33 2.33 2.25 2.10 0.64 0.44 156.50 135.10 26.51 18.40
D2 57.00 53.00 14.00 11.00 2.67 2.67 2.63 2.30 0.70 0.50 163.90 155.10 28.73 19.11
Y1 55.33 55.00 13.33 11.67 3.00 3.00 2.44 2.54 0.66 0.57 183.50 190.10 30.31 22.00
Y2 63.00 56.50 14.00 12.00 3.67 3.33 3.84 3.65 0.72 0.68 205.50 200.10 35.88 28.44
W2 Control 39.67 43.00 9.67 8.00 1.00 1.33 1.11 1.33 0.36 0.25 125.60 106.20 18.51 14.77
D1 44.33 43.33 10.00 9.00 1.33 1.67 1.76 1.50 0.47 0.37 132.50 115.90 22.24 16.33
D2 53.00 44.67 11.33 9.67 1.67 1.67 1.85 1.74 0.55 0.41 144.60 121.00 25.11 17.21
Y1 49.33 44.67 11.67 9.67 1.67 1.67 2.13 1.88 0.50 0.45 147.50 129.10 26.03 18.58
Y2 54.67 49.50 12.00 10.00 2.00 2.00 2.30 2.11 0.61 0.53 158.50 132.70 27.80 19.00
LSD: A 1.07 0.77 0.87 0.82 0.56 0.47 0.16 0.14 0.01 0.01 3.39 4.16 0.10 0.59
B 1.37 0.99 1.12 1.06 0.72 0.63 0.20 0.18 0.02 0.03 4.37 5.37 0.13 0.77
AB 2.39 1.72 1.90 1.77 1.04 0.77 0.44 0.31 0.03 0.04 7.45 9.30 0.22 1.24
W0, W1 and W2: Irrigation after depletion of 50%, 65% and 80% of available soil water, respectively. D: Delfan Y: Yeast.
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Table 3 Water relations, osmotic pressure, membrane integrity and enzymes activities as affected by water stress, foliar application of delfan or yeast and their interaction during 2010/
2011 (S1) and 2011/2012 (S2) seasons.
Water
stress
Biostimulants Relative water
content (%)
Leaf water
deﬁcit (%)
Osmotic pressure
C.S. (bar)
Membrane
integrity (%)
Peroxidase activity
(O.D./g F.W.)
Phenoloxidase
activity (O.D./g F.W.)
S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2
W0 77.63 77.36 22.37 22.64 7.55 6.85 63.75 62.88 1.91 1.83 1.21 1.22
W1 78.13 75.72 21.87 24.28 9.61 8.83 66.96 67.99 1.87 1.86 1.17 1.23
W2 65.64 65.88 34.36 34.12 10.84 10.27 71.54 72.44 1.37 1.43 0.69 0.78
Control 69.10 70.00 30.90 30.00 9.90 9.68 75.54 73.47 1.44 1.42 0.72 0.88
D1 72.47 71.33 27.53 28.67 9.56 9.00 67.71 69.41 1.62 1.59 0.94 1.00
D2 74.24 72.80 25.76 27.20 9.35 8.27 67.18 67.65 1.72 1.73 1.08 1.09
Y1 75.60 74.60 24.40 25.40 9.10 8.19 64.48 64.91 1.84 1.83 1.17 1.18
Y2 77.60 76.20 22.40 23.80 8.74 8.11 62.17 63.42 1.97 1.96 1.22 1.25
W0 Control 75.25 76.11 24.75 23.89 8.30 8.07 69.01 66.11 1.71 1.60 0.96 1.07
D1 76.30 76.70 23.70 23.30 7.79 7.11 65.03 64.40 1.80 1.75 1.15 1.16
D2 77.20 77.30 22.80 22.70 7.55 6.66 63.50 62.20 1.90 1.88 1.27 1.25
Y1 79.00 77.10 21.00 22.90 7.20 6.30 62.80 61.20 2.05 1.90 1.33 1.30
Y2 80.40 79.60 19.60 20.40 6.91 6.11 58.40 60.50 2.10 2.00 1.36 1.34
W1 Control 70.33 71.41 29.67 28.59 10.10 9.55 78.50 75.60 1.51 1.44 0.75 0.90
D1 76.80 72.00 23.20 28.00 9.80 9.00 63.81 68.11 1.80 1.77 1.05 1.11
D2 79.00 75.00 21.00 25.00 9.70 8.82 65.75 67.53 1.92 1.90 1.30 1.25
Y1 81.10 79.20 18.90 20.80 9.45 8.56 64.22 65.41 2.00 2.05 1.35 1.40
Y2 83.40 81.00 16.60 19.00 9.00 8.21 62.51 63.33 2.15 2.16 1.41 1.51
W2 Control 61.71 62.47 38.29 37.53 11.30 11.41 79.10 78.70 1.11 1.22 0.44 0.68
D1 64.30 65.30 35.70 34.70 11.10 10.88 74.30 75.71 1.27 1.26 0.63 0.71
D2 66.51 66.11 33.49 33.89 10.81 9.33 72.30 73.22 1.36 1.40 0.68 0.77
Y1 66.70 67.50 33.30 32.50 10.66 9.71 66.41 68.11 1.48 1.55 0.82 0.83
Y2 69.00 68.00 31.00 32.00 10.31 10.00 65.60 66.44 1.65 1.72 0.88 0.91
LSD: A 0.59 1.33 0.59 1.33 0.20 0.15 0.81 1.16 0.09 0.04 0.04 0.03
B 0.76 1.73 0.76 1.73 0.26 0.19 1.05 1.50 0.12 0.05 0.05 0.04
AB 1.30 2.92 1.30 2.92 0.44 0.34 1.82 2.71 NS 0.09 0.09 0.08
W0, W1 and W2: Irrigation after depletion of 50%, 65% and 80% of available soil water, respectively. D: Delfan Y: Yeast.
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spiration exceeds water absorption, cell turgor falls as relative
water content and cell volume decreased (Lawlor and Cornic,
2002) and low turgor and RWC slow plant growth and
decrease of stomatal conductance. These results are in line with
those achieved by El-Garhy (2002) on faba bean and Hammad
(2008) on pea.
It is obvious from the same table that foliar application of
biostimulants (delfan and yeast) related to all water relations
studies under moisture stress conditions compared with
untreated plants in both seasons. Natural substances have a
better effect of drought stress on RWC and alleviated the
depressive effect of drought by improving OP and MI status.
In this regard the application of yeast (Y2) gave the best results
under the different drought stress conditions. This conﬁrmed
those reported by Hammad (2008) who reported that foliar
spraying of pea plant grown under drought conditions with
yeast extract improved water status in leaves.Physio-chemical constituents
(a) Enzymes activities
Data recorded in Table 3 indicate that peroxidase and phe-
noloxidase activities in wheat leaves were negatively effects
under drought conditions. Enzyme activities were decreased
in response to water stress and maximum decrease was noted
in severe stress.
The obtained results are in agreement with those achieved
by Iqbal (2009) who found that water stress treatment
decreased peroxidase activity in wheat leaves. Maria et al.
(2008) revealed that there was a great decrease in the activity
of phenoloxidase in the leaves of wheat plants was reported
with increasing the water deﬁcit.
Results recorded in the same table demonstrated that the
application of natural substances caused a signiﬁcant enhance-
ment in peroxidase and phenoloxidase activities in wheat
leaves compared to untreated plants. In this connection,
El-Nabarawy (2001) mentioned the importance and role of
amino acids in synthesizing processes enzymes that are very
important for growth and protein synthesis. However, Abbas
(2013) mentioned that the incremental effect of yeast extract
might attribute to the inﬂuence on photosynthetic pigments,
phytohormones and enzyme activity that in turn increased veg-
etative growth of faba bean plant.
Concerning the interactive effect ofwater deﬁcit and biostim-
ulants, data in Table 3 showed a signiﬁcant difference in perox-
idase and phenoloxidase activities. The highest mean values
were recorded in plants treated with yeast (Y2) under moderate
water stress (W1) as compared with their controls in both sea-
sons. However, the lowest enzyme activities were obtained
under severe stress in the absence of amino acids or yeast extract.
(b) Photosynthetic pigments
Statistical analysis shows signiﬁcant decrease in chlorophyll
a + b and carotenoids by increasing water stress conditions
compared with control as shown in Table 4. The decrease in
the photochemical activities of chloroplast caused by water
stress can be correlated with the decrease in the accumulation
of chlorophyll. A decrease in net photosynthetic rate under
water stress is also related to disturbances in biochemicalprocesses of a non-stomatal nature, caused by oxidation of
chloroplast lipids and changes in the structure of pigments
and proteins (Marcinska et al., 2013). In addition, Waraich
and Ahmad (2010) mentioned that net CO2 assimilation rate
decreased with increase in water deﬁcit developed due to lim-
ited irrigation of wheat. Decrease in stomatal conductance as
a result of water deﬁcit could be the main reason of reduced
CO2 assimilation rate. These results were generally in accor-
dance with those obtained by Maria et al. (2008) on wheat.
Concerning the effect of spraying amino acids (D) or yeast
(Y), data in Table 4 showed clearly signiﬁcant increment in
total chlorophyll (chl. a + b) and carotenoids of wheat leaves
compared to untreated plants. Best results were obtained by
the application of Y2 which gave the maximum increment
followed by Y1 then D2 extract. These ﬁndings were true dur-
ing the two growing seasons. Such results are connected with
those reported by Alaei (2011) for amino acids on wheat leaves
and Mohamed (2005) on common bean for yeast. In this
connection, El-Nabarawy (2001) mentioned the importance
role of amino acids in synthesizing processes of chlorophyll.
Moreover, Wanas (2002) reported that yeast enhanced the for-
mation of chlorophyll and delayed its degradation and senes-
cence of bean plants.
As for the interaction between moisture stress and biostim-
ulants, it can be noticed that the application of amino acids or
yeast extract alleviated the negative effect of drought stress and
signiﬁcantly enhanced photosynthetic pigments. In this
connection, El- Garhy (2002) showed that application of yeast
signiﬁcantly increased chlorophyll and carotenoids concentra-
tion in faba bean plants grown under least water requirements.
Moreover, application of amino acids improved chlorophyll
under applying drought stress as obtained by Alaei (2011) on
some wheat genotypes.
(c) Total soluble sugars, total carbohydrates, total free amino
acids and total phenols concentrations
In both seasons, results in Table 4 indicate that water stress
levels signiﬁcantly affected on total soluble sugars (TSS), total
carbohydrates (TC), total free amino acids (TAA) and total
phenols (TP). The lowest values of TSS, TC and TAA as well
as the highest values of TP were obtained by W2 treatment.
The reduction in TSS and TAA could ascribed to water induced
loss of solutes (mainly K+) from guard cells, which resulted in a
selective reduction in guard cells turgor leading to stomatal
closure. Zhang et al. (2009) mentioned that the soluble
carbohydrate concentration in well-watered wheat plants was
higher than those of stressed plants. Furthermore, Hammad
and El-Gamal (2004) found that total phenols in pepper leaves
were signiﬁcantly enhanced under water conditions.
The obtained results in the same table indicated that the
usage of natural substances caused a signiﬁcant increase in
TSS, TC, TP and TAA compared to untreated plants. The
high contents of TSS, TC and TAA considered as a direct
result for high rates of photosynthesis with great efﬁciency,
which was preceded with large photosynthetic area (Table 2)
and high content of photosynthetic pigments (Table 4). Gener-
ally, it was observed that the application of yeast was more
effective. Yeo et al. (2000) found that yeast contains treha-
lose-6-phosphate synthase which is a key enzyme for trehalose
biosynthesis. Trehalose affects sugar metabolism as well as
osmoprotection against several environmental stresses. These
Table 4 Physio-chemical parameters in wheat plants as affected by water stress, foliar application of delfan or yeast and their interaction during 2010/2011 (S1) and 2011/2012 (S2)
seasons.
Water stress Biostimulants Chl. a + b (mg/g D.W.) Carotenoids
(mg/g D.W.)
Total soluble
sugars (mg/g D.W.)
Total carbohydrates
(mg/g D.W.)
Total phenols
(mg caticol/100 g D.W.)
Total free amino
acids (mg/g D.W.)
Proline
content (lg/g D.W.)
S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2
W0 4.99 5.41 1.50 1.69 29.03 29.10 251.48 244.83 18.44 18.88 15.21 14.97 1417.95 1363.58
W1 4.68 5.06 1.27 1.43 26.06 25.93 220.56 201.57 18.58 18.93 12.41 11.53 1502.56 1465.66
W2 3.76 3.75 1.16 1.25 17.74 16.45 185.88 160.18 20.24 21.53 10.54 9.67 1661.54 1579.34
Control 3.79 4.20 1.15 1.31 19.57 19.00 201.67 174.60 16.72 17.42 10.85 10.07 1643.22 1545.63
D1 4.42 4.68 1.23 1.38 23.28 21.64 213.86 188.83 18.09 18.92 11.63 11.23 1588.20 1500.31
D2 4.59 4.77 1.33 1.45 24.69 24.10 219.58 193.93 18.34 19.77 12.37 12.22 1509.83 1480.77
Y1 4.76 4.96 1.36 1.53 25.81 26.47 227.23 204.17 20.34 20.75 13.67 13.04 1496.72 1433.99
Y2 4.80 5.11 1.46 1.62 28.05 27.93 234.20 216.10 21.95 22.06 15.08 13.72 1398.77 1386.93
W0 Control 4.52 5.03 1.31 1.57 25.21 23.10 225.10 200.09 14.20 15.12 12.55 11.80 1523.87 1432.10
D1 4.78 5.29 1.46 1.65 27.13 25.20 244.80 220.07 17.02 17.11 13.90 13.03 1475.80 1400.03
D2 5.01 5.40 1.58 1.72 28.41 29.40 250.20 224.60 17.63 18.41 14.77 15.12 1400.10 1385.10
Y1 5.23 5.60 1.5 1.70 30.30 32.40 262.10 233.80 21.55 20.82 16.80 17.00 1399.57 1330.47
Y2 5.41 5.74 1.65 1.82 34.12 35.40 275.20 245.60 21.80 22.93 18.04 17.91 1290.40 1270.20
W1 Control 3.75 4.11 1.11 1.20 19.10 20.10 203.10 175.60 16.75 17.12 10.65 10.00 1632.30 1559.40
D1 4.81 5.10 1.13 1.28 26.21 24.01 218.17 191.43 17.70 18.50 11.15 11.45 1581.10 1500.20
D2 5.00 5.20 1.25 1.33 27.32 26.00 222.83 198.10 17.61 19.00 12.04 11.88 1506.10 1467.20
Y1 5.05 5.41 1.40 1.65 28.05 29.40 228.20 215.30 18.82 19.91 13.00 12.05 1475.80 1411.50
Y2 4.78 5.50 1.46 1.70 29.61 30.15 230.50 227.40 22.00 20.13 15.21 12.25 1317.50 1390.00
W2 Control 3.11 3.45 1.04 1.16 14.40 13.80 176.80 148.10 19.20 20.00 9.34 8.40 1773.50 1645.40
D1 3.68 3.65 1.11 1.22 16.50 15.71 178.60 155.00 19.55 21.14 9.85 9.22 1707.70 1600.70
D2 3.77 3.70 1.17 1.30 18.33 16.90 185.70 159.10 19.77 21.90 10.30 9.67 1623.30 1590.00
Y1 4.00 3.87 1.20 1.25 19.07 17.62 191.40 163.40 20.65 21.51 11.22 10.06 1614.80 1560.00
Y2 4.22 4.10 1.26 1.34 20.41 18.23 196.90 175.30 22.05 23.12 12.00 11.00 1588.40 1500.60
LSD: A 0.09 0.06 0.03 0.03 0.21 0.12 6.95 1.74 0.43 0.42 0.17 0.36 16.34 14.81
B 0.11 0.07 0.04 0.06 0.26 0.24 8.98 2.24 0.56 0.54 0.23 0.47 20.47 19.12
AB 0.19 0.13 0.06 0.11 0.48 0.42 NS 3.80 1.01 0.98 0.48 0.82 36.24 31.50
W0, W1 and W2: Irrigation after depletion of 50%, 65% and 80% of available soil water, respectively. D: Delfan Y: Yeast.
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Table 5 Mineral concentrations in wheat plants as affected by water stress, foliar application of delfan or yeast and their interaction
during 2010/2011 (S1) and 2011/2012 (S2) seasons.
Water stress Biostimulants N% N uptake (mg/plant) P% P uptake (mg/plant) K% K uptake (mg/plant)
S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2
W0 3.43 3.19 110.74 101.65 0.40 0.37 12.78 11.84 2.64 2.65 84.82 83.67
W1 3.38 3.14 89.16 80.07 0.36 0.31 9.64 7.92 2.61 2.36 69.71 60.40
W2 2.68 2.43 49.59 42.02 0.30 0.24 5.55 4.22 2.24 2.13 41.39 36.71
Control 2.84 2.55 54.03 50.51 0.31 0.25 6.03 5.11 2.28 2.16 43.17 42.70
D1 3.07 2.77 68.97 60.74 0.34 0.29 7.71 6.40 2.41 2.33 53.90 51.37
D2 3.23 3.00 82.57 75.37 0.36 0.31 9.14 7.94 2.47 2.38 62.40 58.59
Y1 3.30 3.10 90.60 83.44 0.37 0.33 10.12 8.99 2.58 2.45 70.67 65.64
Y2 3.38 3.17 119.64 102.86 0.39 0.35 13.61 11.53 2.75 2.58 96.39 83.01
W0 Control 3.21 2.85 80.48 70.22 0.37 0.31 9.21 7.65 2.44 2.40 61.49 59.08
D1 3.40 3.10 89.00 86.73 0.39 0.36 10.20 10.05 2.51 2.60 65.71 72.76
D2 3.45 3.25 104.39 107.49 0.40 0.38 12.09 12.56 2.55 2.67 76.72 87.82
Y1 3.50 3.33 124.28 115.03 0.41 0.40 14.49 13.73 2.74 2.71 97.18 93.20
Y2 3.74 3.48 155.56 128.79 0.43 0.41 17.88 15.17 2.96 2.85 123.03 105.48
W1 Control 2.80 2.61 53.86 52.03 0.31 0.25 5.96 5.02 2.35 2.18 45.20 43.63
D1 3.15 2.90 70.91 60.90 0.35 0.28 7.86 5.88 2.55 2.23 57.96 46.83
D2 3.55 3.30 93.38 75.83 0.37 0.3 9.74 6.91 2.62 2.31 69.01 53.17
Y1 3.65 3.41 89.04 87.42 0.38 0.33 9.27 8.34 2.66 2.45 64.83 62.34
Y2 3.61 3.40 138.59 124.17 0.40 0.37 15.37 13.50 2.91 2.63 111.56 96.01
W2 Control 2.50 2.20 27.76 29.28 0.26 0.20 2.90 2.66 2.05 1.91 22.81 25.39
D1 2.66 2.32 46.99 34.60 0.29 0.22 5.05 3.28 2.18 2.30 38.04 34.51
D2 2.70 2.46 49.93 42.78 0.30 0.25 5.58 4.34 2.25 2.00 41.48 34.76
Y1 2.75 2.55 58.48 47.85 0.31 0.26 6.62 4.92 2.35 2.20 50.01 41.36
Y2 2.81 2.63 64.78 55.60 0.33 0.28 7.57 5.90 2.38 2.25 54.59 47.54
LSD: A 0.08 0.10 5.48 6.66 0.01 0.01 0.74 0.68 0.13 0.17 4.94 5.88
B 0.11 0.13 7.08 8.60 0.02 0.02 0.95 0.89 0.17 0.22 6.37 7.59
AB 0.18 0.22 12.27 14.87 0.04 0.03 1.64 1.53 NS NS 11.02 13.14
W0, W1 and W2: Irrigation after depletion of 50%, 65% and 80% of available soil water, respectively. D: Delfan Y: Yeast.
Physiological and biochemical studies on drought tolerance of wheat plants by biostimulants application 141results are in line with that obtained by Barnett et al. (1990)
and Mady (2009).
Concerning the interaction, it is clear that yeast application
at the high level under normal water supply was more the most
effective treatment in increasing TSS, TC and TAA which pro-
duced the highest values of the traits as compared with the
other treatments. However, the untreated plants with either
amino acids or yeast had the lowest values of these traits under
severe stress conditions.
(d) Proline content
It is obvious from Table 4 that there is a remarkable
increase in leaf proline content under drought condition when
compared with control plants. Proline not only acts as an
osmolyte but also contributes in stabilizing subcellular struc-
tures (e.g. membranes and proteins), scavenging free radicals,
and buffering cellular redox potential under stress conditions
(Iqbal, 2009). Furthermore, Pedersen et al. (1996) reported
that there was a positive correlation between proline concen-
tration and membrane integrity of tobacco leaves and proline
believed to stabilize membrane phospholipids which helps the
plants to overcome periods of drought stress. These ﬁndings
were supported by those obtained by Mujtaba et al. (2007)
and Maria et al. (2008) in wheat.
Concerning effects of amino acids or yeast extracts
treatments, results indicated that these treatments caused asigniﬁcant reduction in proline content compared to untreated
plants in both seasons. The highest depression was recorded
with the application of yeast extract at the rate of 6 g/L. Gen-
erally, the application of natural substances (D or Y) with
drought signiﬁcantly decreased proline concentration com-
pared to untreated plants (water stress alone). The role of
amino acids in abiotic stress tolerance was reported by Singh
(1999) who mentioned that this class of molecules includes cer-
tain amino acids (notably proline), quaternary ammonium
compounds. These compounds are thought to play a pivotal
role in plant cytoplasmic osmotic adjustment in response to
osmotic stress. These results conﬁrm those reported by El-
Garhy (2002) on faba bean and Alaei et al. (2012) on wheat
plants.
(e) Mineral concentration
Data recorded in Table 5 indicate that water stress treat-
ments affected on both NPK percentages and uptakes in stress
tissues negatively compared to untreated plants. The maxi-
mum reductions were recorded under W2 treatment (high
stress) which reached about 22.11%, 29.73% and 15.98% for
N%, P% and K% in the ﬁrst season respectively. The same
trend was recorded in the second season. The reduction in P
concentration may be due to the dieback of the absorbing
roots during the exposure of plants to drought conditions
(Larson, 1975). In addition, Baque et al. (2006) observed that
Table 6 Yield and its attributes of wheat plants as affected by water stress, foliar application of delfan or yeast and their interaction during 2010/2011 (S1) and 2011/2012 (S2) seasons.
Water stress Biostimulants No. of spikes/m2 No. of grains/spike 1000-grain weight (g) Grains weight/spike (g) Grain yield (ton/fed) Straw yield (ton/fed) Biomass yield (ton/fed)
S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2
W0 319.27 325.93 62.27 60.40 42.26 44.49 2.57 2.52 2.93 3.11 3.62 3.53 6.55 6.64
W1 283.93 277.53 57.20 58.27 39.63 40.45 2.39 2.30 2.44 2.72 3.22 3.15 5.66 5.87
W2 247.53 251.13 52.40 49.93 35.67 36.15 1.79 1.82 1.74 1.80 2.47 2.44 4.21 4.24
Control 261.22 259.67 47.78 46.89 33.36 35.63 2.06 2.00 2.02 2.18 2.41 2.39 4.43 4.57
D1 275.67 273.89 55.89 54.22 37.84 38.56 2.15 2.09 2.28 2.52 2.92 2.76 5.20 5.28
D2 282.67 285.56 58.33 58.11 40.47 40.68 2.22 2.23 2.44 2.62 3.19 3.15 5.63 5.77
Y1 293.56 296.33 60.33 59.33 41.12 42.29 2.33 2.33 2.49 2.65 3.45 3.40 5.94 6.05
Y2 304.78 308.89 64.11 62.44 43.15 44.64 2.50 2.41 2.62 2.75 3.55 3.50 6.17 6.25
W0 Control 301.67 303.33 56.67 54.67 37.44 40.70 2.37 2.35 2.54 2.68 3.07 3.05 5.61 5.73
D1 313.00 318.33 59.33 56.67 40.80 43.12 2.41 2.45 2.74 2.99 3.48 3.25 6.22 6.24
D2 319.33 330.67 62.00 62.00 43.68 44.80 2.47 2.52 2.98 3.19 3.57 3.45 6.55 6.64
Y1 328.00 333.67 63.00 61.00 43.08 45.20 2.72 2.60 3.09 3.28 3.93 3.88 7.02 7.16
Y2 334.33 343.67 70.33 67.67 46.32 48.62 2.87 2.68 3.32 3.43 4.04 4.01 7.36 7.44
W1 Control 261.00 254.67 43.00 44.00 32.82 34.68 2.25 2.02 2.14 2.36 2.25 2.17 4.39 4.53
D1 274.33 265.00 58.67 59.00 37.20 38.36 2.29 2.05 2.39 2.75 2.87 2.77 5.26 5.52
D2 281.67 272.67 59.00 61.00 42.14 41.73 2.40 2.36 2.51 2.80 3.40 3.38 5.91 6.18
Y1 292.33 289.00 61.00 63.33 42.74 43.23 2.44 2.53 2.52 2.84 3.71 3.69 6.23 6.53
Y2 310.33 306.33 64.33 64.00 43.26 44.24 2.59 2.55 2.64 2.85 3.87 3.77 6.51 6.62
W2 Control 221.00 221.00 43.67 42.00 29.82 31.52 1.57 1.65 1.39 1.52 1.90 1.94 3.29 3.46
D1 239.67 238.33 49.67 47.00 35.52 34.20 1.75 1.79 1.72 1.83 2.40 2.28 4.12 4.11
D2 247.00 253.33 54.00 51.33 35.60 35.52 1.79 1.81 1.83 1.86 2.61 2.63 4.44 4.49
Y1 260.33 266.33 57.00 53.67 37.53 38.44 1.82 1.85 1.87 1.84 2.71 2.64 4.58 4.48
Y2 269.67 276.67 57.67 55.67 39.86 41.07 2.04 2.00 1.89 1.97 2.73 2.74 4.62 4.71
LSD: A 10.43 10.36 3.25 2.79 1.95 1.22 0.09 0.15 0.19 0.07 0.21 0.27 0.16 0.29
B 8.45 7.79 2.11 2.29 1.80 1.50 0.10 0.10 0.11 0.06 0.17 0.21 0.17 0.23
AB 14.36 13.25 3.59 3.90 3.06 2.56 0.17 0.17 0.20 0.11 0.29 0.37 0.29 0.39
W0, W1 and W2: Irrigation after depletion of 50%, 65% and 80% of available soil water, respectively. D: Delfan Y: Yeast Fed = 4200 m2.
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Table 7 Grain quality of wheat plants as affected by water stress, foliar application of delfan or yeast and their interaction during
2010/2011 (S1) and 2011/2012 (S2) seasons.
Water stress Biostimulants Protein (%) Carbohydrate (%) Fibers (%)
S1 S2 S1 S2 S1 S2
W0 10.95 11.87 66.52 67.89 1.79 1.74
W1 11.26 11.36 66.84 67.73 1.80 1.77
W2 8.24 9.43 56.21 55.37 1.94 1.92
Control 8.65 9.86 58.21 58.72 1.96 1.92
D1 9.20 10.35 58.80 60.44 1.87 1.76
D2 9.99 10.72 61.60 61.43 1.84 1.81
Y1 11.24 11.45 67.30 67.02 1.81 1.84
Y2 11.69 12.06 70.03 70.70 1.76 1.74
W0 Control 9.64 10.84 63.60 68.65 1.85 1.80
D1 10.20 11.11 61.79 65.37 1.83 1.80
D2 11.05 11.63 63.64 63.06 1.81 1.70
Y1 11.70 12.42 70.43 69.77 1.79 1.75
Y2 12.16 13.35 73.13 72.62 1.71 1.67
W1 Control 9.00 10.31 60.50 63.02 1.97 1.97
D1 9.50 10.78 62.96 64.19 1.80 1.78
D2 10.64 10.98 65.89 65.42 1.78 1.82
Y1 13.40 12.11 70.93 71.19 1.75 1.64
Y2 13.78 12.62 73.93 74.83 1.70 1.66
W2 Control 7.30 8.44 50.55 44.49 2.06 2.00
D1 7.90 9.15 51.66 51.77 1.97 1.93
D2 8.28 9.55 55.26 55.80 1.92 1.91
Y1 8.61 9.82 60.54 60.12 1.89 1.90
Y2 9.12 10.21 63.04 64.65 1.86 1.88
LSD: A 0.42 0.64 2.25 1.53 0.12 0.09
B 0.94 0.67 2.00 2.45 0.13 0.11
AB 1.64 1.16 3.48 4.26 NS NS
W0, W1 and W2: Irrigation after depletion of 50%, 65% and 80% of available soil water, respectively. D: Delfan Y: Yeast.
Physiological and biochemical studies on drought tolerance of wheat plants by biostimulants application 143mild and severe water stress signiﬁcantly reduced the uptake of
NPK in wheat plants compared to that of normal conditions.
These results are in accordance with those obtained by Maria
et al. (2008) in wheat plants.
The same table clearly indicated that the application of nat-
ural substances signiﬁcantly increased NPK% and uptakes
compared to control. Using yeast extract showed the greatest
signiﬁcant increase. Amino acids and yeast extract may be
increased absorption of different elements by roots and also
their translocation and accumulation in leaves. Similar results
were observed by Hammad (2008) and Mady (2009).
Obtained results in the same table demonstrated that the
application of natural extracts (D or Y) alleviated the negative
effect of drought stress and signiﬁcantly enhanced N, P and K
concentrations especially under normal conditions with yeast
extract. The second season followed the same trend. Similar
results were obtained by El-Garhy (2002) on faba bean. The
application of yeast under drought stress condition caused a
signiﬁcant increase in N%, P% and K% in pea leaves which
could be attributed to its minerals, carbohydrates and hor-
monal contents (Hammad, 2008).
Yield and its attributes
Data in Table 6 reveal that signiﬁcant differences were regis-
tered in yield and its attributes (number of spikes/m2, number
of grains/spike, 1000-grain weight and grains weight/spike)among the various drought stress treatments in both seasons.
It is apparent that yield components were reduced due to
affected by drought treatments compared to normal water sup-
ply in the ﬁrst and the second seasons. The greatest reduction
was observed in the severe water stress treatment (W2). The
low grain weight could have occurred due to the direct effect
of water stress on carbohydrate accumulation. Iqbal (2009)
indicated that water stress affected of wheat plants might lie
not only in the variations in physiological processes such as
accumulation of osmolytes, antioxidant capacity, stomatal
conductance but also in changes in the phytohormonal
balance. Yield and its components were increased when the
frequency of irrigation increased. The reduction in photosyn-
thesis under drought stress which is the most important ana-
bolic process in plants, resulting in reducing the efﬁciency of
all other biological processes in plant which led to reduction
of growth and yield. Delaying irrigation until soil water
reached 65% or 80% depletion had the effect of decreasing
grain, straw and biological yields. This could have occurred
due to loss of yield components. Increasing soil moisture
depletion levels decreased the grain yield as an average of
the two seasons by about 14.63% and 41.37% for W1 and
W2, respectively compared with W0. The results are in line
with those reported by Iqbal (2009), Waraich and Ahmad,
(2010), Mahamed et al. (2011) and Mohammadi et al. (2013).
Foliar spraying wheat plants with biostimulants signiﬁ-
cantly increased yield and its components in both seasons.
144 S.A.R. Hammad, O.A.M. AliThe different natural substances used, were more efﬁcient in
raising the photosynthetic surfaces of plants that reﬂected pos-
itively in raising their yield components. The highest mean val-
ues are recorded in plants treated with Y2 (6 g/L). As an
average of the two seasons, it can be noticed that the plants
were treated with yeast (Y2), (Y1) and delfan (D2) caused an
increasing in grain yield/fed amounted to 27.93%, 22.42%
and 20.49% more than untreated plants, respectively. The
positive effect of yeast extract on yield and its components
may be attributed the fact that it contains cytokinins, vitamin
B12 and minerals, which might play a role of in orientation
and translocation of metabolites from leaves into reproductive
organs. Moreover, it may play a role in synthesis of protein
and nucleic acids and minimize their degradation, which might
lead to the improvement of yield plants. These results partially
agreed with the ﬁndings of Mohamed (2006), Zaki et al. (2007)
and Dromantiene et al. (2009).
The interaction between natural biostimulants (D or Y) and
water stress on yield attributes had signiﬁcant effect on yield
and yield components. The data in Table 6 showed that appli-
cation of yeast extract under W0 gave the best results in both
seasons for yield components. It can be noticed that the appli-
cation of natural substances inhibitory effect of water stress
and improved yield and its components of wheat plants. The
natural substances showed signiﬁcantly good performance
than other treatments in normal irrigation and drought stress
conditions. It seems that natural substances supply would
increase grain set or inhibit its further reduction due to water
stress conditions. Several studies have convincingly demon-
strated that the application of natural substances provides tol-
erance to various stress conditions (Al-Thabet, 2006 and Alaei,
2011).
Grain quality
The results presented in Table 7 show signiﬁcant depression in
total protein and carbohydrates meanwhile a gradual increase
in total ﬁbers in wheat grains as a result of plants treated with
severe drought conditions (W2). Irrigation until soil water
reached 50% or 65% depletion had the effect of increasing
grain protein and carbohydrates content. This could have
occurred due to more NPK uptake from the soil compared
to irrigation until soil water reached 80% depletion. These
results are in line with those obtained by Dromantiene et al.
(2009) and Bakry et al. (2012).
It is obvious from the same table that foliar spraying of nat-
ural biostimulants signiﬁcantly increased total carbohydrates
and total protein meanwhile decreased total ﬁber in wheat
grains compared to control plants. In general, yeast extract
was superior to amino acids on grain quality in both seasons.
Improving quality by application of yeast extract and amino
acids were recorded by Dromantiene et al. (2009) and Abbas
(2013).
Concerning the interaction effect of water deﬁcit and natu-
ral substances, it can be noticed that the application of amino
acids or yeast extracts alleviated the negative effect of drought
stress and signiﬁcant enhanced total carbohydrates and pro-
tein in grains. The best interaction results were recorded in
plants treated with optimum water supply or moderate water
stress combined with foliar application of yeast extract
(6 g/L) in both seasons.Conclusion
Sufﬁcient water supply is fundamental for optimal growth and
productivity. The decrease in the plant yield might be affected
by changes in the physiological processes under water stress.
Results showed that soil moisture stress causes low grain yield
by inducing low growth, number of spikes, grain weight and
number of grains/spike. Thus, wheat plants appear to be
suffering yield losses due to deﬁciency of irrigation water.
Therefore, wheat grower must be careful about water stress
especially on critical stages which can cause tremendous yield
losses. It could be recommended that application of natural
biostimulants especially yeast extract at the rate of 6 g/L led
to overcome the deleterious effect of drought and consequently
resulted in improved the productivity of wheat and its grain
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